The study focuses on the question of whether or not productivity estimates are biased due to the emergence of a new input that is usually omitted: temporary agency worker (TAW). The study analyzes labor productivity and TFP by means of a structural approach using a representative dataset of German manufacturing firms. The empirical results show, once TAW is taken into account, that: i) labor productivity in most manufacturing sectors is significantly lower; ii) average TFP differs significantly in most sectors; but iii) the coefficients for regular labor are not significantly different between estimations with and without TAW.
Introduction
Across Europe, atypical forms of employment are becoming increasingly important. Since the mid1990s, the share of temporary employment has increased significantly, making up about 14 percent of total employment across the Europe Union in 2014.
1 However, the importance of temporary employment varies widely, not just between countries but also between industries within the same economy (Ortega & Marchante, 2010) . In some countries, like Poland and Spain, about a quarter or a third of all dependent employees work with temporary contracts. Even in countries like Italy, Germany and France, the proportion of atypical employment is between 13 percent and 15 percent. When focusing on temporary agency workers (henceforth TAW) as a subgroup of atypical employment, the shares are significantly smaller, but temporary agency work has also developed dynamically. In the United Kingdom, more than 1 percent of the total workforce was employed by temporary agency firms in 2011 (Bryson, 2013) . In Germany, the share is even higher: 2.9 percent of all employees subject to social security deductions in 2014 are TAW. This corresponds to about 850,000 workers and is more than 5 times greater than it was in the late 1990s.
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The growing importance of TAW is inspiring a large and growing literature on the different aspects of temporary agency work. Inter alia, several studies show that there is a significant wage gap between TAW and regular employees, albeit varying in size (Jahn, 2010; Antoni & Jahn, 2009; Oberst, et al., 2008; Houseman, et al., 2003; Jahn & Rudolph, 2002) . This points to potential cost savings for firms, often seen as the main incentive to use TAW (Bryson, 2013; Heywood, et al., 2011; Kleinknecht, et al., 2006; Houseman, et al., 2003) . Some studies show, however, that cost savings are not often achieved (Kleinknecht, et al., 2006; Houseman, 2001; Nollen, 1996) . Regardless of the cost aspect, the enhanced flexibility is considered to be another advantage of this new type of labor, with stricter employment protection legislation seeming to foster demand for TAW (Heywood, et al., 2011; Vidal & Tigges, 2009; Shire, et al., 2009; Nunziata & Staffolani, 2007; Pfeifer, 2005; Autor, 2003; Booth, et al., 2002a; Houseman, 2001; Bentolila & Saint-Paul, 1992) . The possibility to use temporary agency work as an additional probationary period to search for the most productive and best-fit employees is also regarded as beneficial for firms (Beckmann & Kuhn, 2012; Buddelmeyer & Wooden, 2011; Addison & Surfield, 2009; Engellandt & Riphan, 2005; Booth, et al., 2002b; Wang & Weiss, 1998) .
However, TAW usage does not come without drawbacks for firms. The use, especially the excessive use of temporary agency work, may result in the morale of all workers, both temporary and permanent, declining (DeCuyper, et al., 2008; Goerge, 2003) . The resulting "low levels of job satisfaction and morale may exert an adverse influence on productivity levels" (Brown & Sessions, 2005, p. 311) . Additionally, firm-specific human capital of TAW is usually lower than that of permanently employed workers and, due to the short term nature of temporary agency work, TAW receive little, if any, training (Mitlacher, 2008; Zwick, 2006; Albert, et al., 2005; Booth, et al., 2002b; Nollen, 1996) . This may also negatively affect the average productivity of firms using TAW. In some professions, for instance transport and logistics, the share of temporary agency workers in employment reaches 25 percent (Bundesagentur für Arbeit, 2015) .
There is, however, limited literature analyzing the effect of temporary agency work on firm performance; e.g. on productivity, on sales, or other indicators of firm performance. This is because "data on TAW is absent from most data sets" (Bryson, 2013, p. 133) . The results of the relevant studies are mixed. Arvanitis (2005) and Kleinknecht, et al. (2006) , using data for Swiss and Dutch firms, find no effect of TAW on labor productivity, sales growth, or employment growth. Bryson (2013) , on the other hand, finds a significant positive correlation between the use of TAW and the financial performance of British firms. The studies of Beckmann and Kuhn (2009) and Hirsch and Müller (2012) point to a nonlinear relationship between output and TAW usage in German plants. In contrast, Diaz-Mayans and Sanchez (2004) and Ortega and Marchante (2010) find evidence for a negative relationship between the use of temporary agency work and labor productivity for Spanish manufacturing firms. Finally, Addessi (2014) finds that TFP growth of Italian manufacturing firms slows when temporary agency work is used. Hence, the literature on the relationship between firms and TAW usage is not only limited but the findings are ambiguous. In addition, there is virtually no study on another question that is becoming increasingly relevant as TAW is increasingly used by firms: Are the productivity estimates of firms and sectors biased when TAW, as additional labor input, is ignored?
This study aims to address this gap, making two contributions: First, it contributes to the emerging literature on the effect of atypical employment on firm performance using data for German manufacturing firms while utilizing a structural approach. The results indicate that the use of temporary agency work often positively affects firm performance. Second, it provides evidence for biased estimates of sector productivity and firm productivity if TAW, who inherently belong to the labor input, are omitted.
Thereby the results also indicate that productivity of German manufacturing sectors, calculated by means of official data, are most likely inaccurate.
The paper is organized as follows. Section 2 discusses the data situation. The model is presented and the hypothesis is developed in section 3. This section also presents and discusses the econometric approach. Section 4 introduces the firm level data, while the results of the analyses are the subject of section 5. Section 6 sums up and discussion the impact of the results.
Data Situation
The topic of this study is only relevant if two preconditions are met: (i) if TAW are not included in statistics as employees in the customer firms; and (ii) if temporary agency work significantly affects firm performance. The second prerequisite is left to be tested in the empirical part of this paper. However, a considerable number of studies find significant effects of TAW, both positive and negative. From this we conclude that the literature provides some evidence that the second prerequisite for the research question of this study is fulfilled: the use of TAW most likely affects firm performance.
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Each paper is presented in more detail in section A in the appendix. This study deviates from the previous studies in four ways: First, it uses a dataset with more than 125,000 observations that, in contrast to previous German studies, observes TAW usage over the course of the entire year and focuses on firms instead of plants. Secondly, this study applies latest econometric developments, namely a structural approach along the lines of ACF, to estimate the production function. Thirdly, we recognize that the production function might not only differ between manufacturing and service industries, but even within the manufacturing industry. Consequently, the analysis is conducted separately for each two-digit manufacturing sector. Finally, our main focus is on the question whether TAW is a relevant input factor and whether its omission biases productivity estimates as well as the coefficients of labor and capital. This is not previously studied.
To address the first prerequisite, we examine the data situation with respect to German manufacturing companies. In particular, the focus is on the question of whether TAW are included as labor input in firms, either explicitly or implicitly, in the official statistics.
Within Germany, the Federal Employment Agency (Bundesagentur für Arbeit -BA) is, inter alia, responsible for collecting data and providing statistics on employment and other labor market related issues. The two main statistics provided by the BA and relevant for the research question are the statistic on employees with social security contributions and minor employment (short: employment statistic) and the statistic on temporary employment.
The employment statistic contains three variables relevant for the topic of this paper: occupation, industry (classification system WZ 2008), and place of work. 4 Thus, the employment statistic provides information on the number of employees in each industry. But because TAW are hired by temporary work agencies, they are counted as employees in industry N78 -Employment activities. In addition, the workplace is the seat of the respective subsidiary, branch or headquarters of the temporary employment agency, not the actual location of the customer. Because of that, the employment statistic provides no information about the TAW input in any industry other than sector N78 (Biehler, 2011) .
The statistic on temporary employment contains three similar variables that are relevant for the issue at hand: occupation, previous occupation and federal state. 5 The assignment to a federal state depends on the location of headquarters of the temporary work agency (Biehler, 2011) . Occupation allows only general inferences on the client industries that most likely use such occupations. However, we are forced to guess whether an electrician works in a manufacturing firm, in a real estate company, or in a construction firm. Hence, we cannot use occupational information to assign TAW unequivocally to a specific industry, in particular not at the two-digit industry level. Consequently, both BA-statistics relevant to the research question contain no information about the customer firms or information about the industries of the customer firms. Finally, the Federal Employment Agency confirms, on request, that statistics incorporating information about the number of TAW in specific firms or industries do not exist, at least not as of 2015.
The second source for official data on firms and employment are the datasets of the German Federal Statistical Office and the Statistical Offices of the States. The datasets of the statistical offices are also supplied to supranational organizations and institutions, such as the OECD or Eurostat, and are the source of the German data in those datasets. The subsequent list of datasets is limited to those for manufacturing firms because the analysis will focus on these firms for data availability reasons.
The only business cycle survey for the manufacturing industry that includes information on employment is the monthly report in the manufacturing sector. 6 It contains the following labor related variables: number of employees; gross wages; and hours worked (Statistisches Bundesamt, 2015b) . The 4
The full list of variables is: sex; age; nationality; training; occupation; position in the company; full / part-time employment; industry (classification system WZ 2008); pension insurance; average monthly wage is within the interval 450-850 euros; place of work; home address; and gross wage (Bundesagentur für Arbeit, 2014b).
5
The full list of variables is: sex; nationality; occupation; previous occupation; job duration (with employment agency); operating purpose of employment agency; and federal state (Bundesagentur für Arbeit, 2013).
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The remaining business cycle surveys are: quarterly production survey in the manufacturing sector; indices of new orders in the manufacturing sector; indices of turnover in the manufacturing sector; indices of production in the manufacturing sector; and indices of labor productivity in the manufacturing sector. These surveys and indices contain no information about employment. The indices for labor productivity are based on the monthly report in the manufacturing sector and the production survey.
structural business statistics include the investment survey in the manufacturing industry, the annual report for establishments in the manufacturing industry, and the cost structure survey in the manufacturing industry. The only labor related variable recorded in the investment survey in the manufacturing industry is number of persons employed (Statistisches Bundesamt, 2013) . The annual report for establishments in the manufacturing industry includes the following labor related variables: persons employed and sum of gross salaries (Statistisches Bundesamt, 2012) . Finally, the cost structure survey in the manufacturing industry contains, inter alia, the number of persons employed; total gross wages;
number of owners working in the firm; number of trainees; number of part-time workers; female employees; other social security costs; and costs for temporary agency workers (Statistisches Bundesamt, 2015a) . The latter variable is a key variable for the analysis and is discussed in detail in section 4. The metadata for all listed datasets explicitly state that TAW shall not be included in the number of persons employed and that expenditures on TAW shall not be included in the data about wages and wage related costs. This and the listed variables for each dataset show that the different datasets of the statistical offices do not provide information about the number of TAW used by firms or about the hours worked by TAW.
In sum, the metadata of the various statistics reveal that the first prerequisite for the hypothesis holds:
the number of TAW is not included in any official statistics that provide employment numbers for German industries.
Model and Estimation Strategy

Model and Hypothesis
In order to estimate TFP as well as the coefficients for TAW and regular employment, we modify the model of Haskel and Martin (1993) . It was originally developed to account for the effect of skilled and unskilled labor in estimating productivity. Hence, we start with a standard Cobb-Douglas production function (for a single firm at time ):
(1) = where is the effective labor input, is effective capital input and is total factor productivity. Following Haskel and Martin (1993) , we assume that the relationship between and is of multiplicative nature, 7 defining effective labor input as = , where represents the labor input of temporary agency workers and the input of employees with a permanent contract. If we assume that there is at least one permanent employee in each firm, the relationship between and can be described by = ⁄ or = with ≥ 0. How to estimate the share from real data without knowing is discussed in section 4 and the appendix. The estimation function is derived by substituting into Eq.
(1) and taking logarithms:
This assumption is used explicitly or implicitly in other studies, e.g. in Sala and Silva (2013) , who analyzes the effect of vocational training on labor productivity; in Hirsch and Müller (2012) on the relationship between TAW and output of German plants; in Ortega and Marchant (2010) on the effect of TAW on labor productivity in Spain; and in Doraszelski and Jaumandreu (2013) , who analyze the effect of R&D on productivity.
with 1 = and 2 = .
Looking at the research question of this study, Eq. (2) indicates the problem. Rearranging it shows that TFP is a sort of residual or an intercept. If temporary agency work is ignored, the entire term 1 is added to the TFP and may bias the estimated TFP, i.e. + 1 = − 2 − . But TFP is not necessarily upward biased if TAW is ignored. This follows from the fact that the coefficient for each control variable is defined not only by the relationship between the respective variable and the dependent variable but also by the relationships among the independent variables.
To demonstrate this, we use at the log of Eq. (1) and ignore for a moment the question of how to define n. This helps to overcome the problem that, "it is generally impossible to sign the biases of the OLS coefficients in a multivariate context," as noted by Levinsohn and Petrin (2003, p. 319) . Thus, the function we look at for a moment is = + + . The two coefficients and the productivity are estimated by OLS as follows: In other words, when considering the existence of a third omitted input in a production function with labor and capital, the coefficients of labor or capital will be biased if one of these two variables is sufficiently correlated with the omitted variable and as long as the omitted variable is a relevant input factor. As a consequence, the TFP estimate will also be biased. However, the direction of the bias cannot, a priori, be determined. It depends on the relationship among the independent variables as well as between the dependent variable and the independent variables. Moreover, it remains to be seen whether the differences between the "true" and the "biased" coefficient is large enough to be statistically significant.
Given the mathematical relationship between the unobserved and the observed variables, given that the literature often finds a significant effect of temporary agency work, and given the omission of TAW from statistics on employment within manufacturing companies, we postulate the following hypothesis:
Productivity estimates of German manufacturing firms and industries are biased due to the omission of a part of the labor input: the temporary agency workers.
Econometric approach
We apply a structural approach for estimating TFP and the input coefficients of Eq. (2) These approaches are introduced by Olley and Pakes (1996) (henceforth OP) and further improved by Levinsohn and Petrin (2003) (henceforth LP) and Ackerberg, Caves and Frazer (2006) (henceforth ACF). The starting point for the discussion is the ACF approach, which we expand so that the elasticity of temporary agency work can be consistently estimated.
However, let us start with concisely summarizing the ACF approach. The general idea of the structural approaches is to use a function of observables to approximate the unobserved firm productivity ( ).
This helps overcome the endogeneity problem that, if ignored, leads to biased coefficients for labor and capital (Ackerberg, et al., 2007) . Within the ACF framwork, we assume that, inter alia, a function for intermediate input demand exists � = ( , , )� that is strictly monotonic in ; and is the only unobserved state variable in that function (Ackerberg, et al., 2006) . Due to this assumption, the intermediate input function is invertible and it is possible to substitute it into the production function for the unobserved productivity ( ). The coefficients for labor and capital are then consistently estimated within the two step procedure subsequently presented. The merit of ACF is to show that if labor is a completely variable input and chosen simultaneously with material, a collinearity problem exists, thus making it impossible to derive consistent estimates for the labor coefficient. In the context of the ACF approach, this problem is resolved by making labor less variable than material, which is achieved by changing the timing assumption for labor.
With the ACF setting as starting point, we can develop the estimation procedure for a production function that includes temporary agency work as a third input factor (see Eq. (2)). This requires clarifying how the coefficient of TAW can be consistently estimated and whether TAW has to enter the control function for . It is clear that TAW is a variable and non-dynamic input. This is, after all, the main feature of this input factor. In this respect, TAW is almost no different from material. We could therefore assume that , it is chosen simultaneously with . Consequently, the function for , depends on the same variables as the function for :
(5) , = ℎ � , , , �; = � , , , �.
Given that = −1 � , , , �, we can rewrite the equation for , by substituting and it becomes immediately obvious that , depends not only on labor and capital but also on the decision for , i.e.
(6) , = ℎ � −1 � , , , �, , , �.
Thus, the coefficient for , cannot be consistently estimated due to collinearity between , and the non-parametric function −1 . This collinearity arises from the fact that the variables that can describe the variation of , are also included in −1 , which is used to approximate .
To resolve the issue, we use the reasoning of ACF to overcome the collinearity problem of , . Hence, we avoid the simultaneity issue and break the collinearity problem by minimally changing the point in time when the firm decides about , . Let us assume that , is chosen at − , after , , which is decided upon at − (Ackerberg, et al., 2006) , but before , with − 1 < − < − < and 0 < < < 1. Consequently, , no longer depends on the decision for . The material demand function, on the other hand, now also depends on the decision about the use of TAW, becoming
As in LP, and ACF, we continue to assume that the material input function is strictly monotonic and is the only unobserved state variable. This allows for to be inverted out, which is then described by (Ackerberg, et al., 2007) . As in the original ACF approach, Eq. (8) is estimated in the first step of the estimation procedure by means of OLS. The variables , , , and have to enter � , , , , , � because they are collinear with −1 , as they are part of −1 , and, therefore, are not identified in this first step of the estimation routine. The identification of 1 , 2 and takes place in the second step.
That second step utilizes the assumption that follows a first-order Markov process (Olley & Pakes, 1996; Levinsohn & Petrin, 2003; Ackerberg, et al., 2006) . Hence, the firm's expectation about its productivity depends on its experienced past productivity, formally = ( | −1 ) + = ( | −1 ) + , where −1 is the information set that contains all past information, and , which is the "innovation" component that is independent of all past information (Ackerberg, et al., 2007) . This can be rewritten as an AR (1) (9), which is then estimated as second step in the estimation routine. GMM is used to obtain the coefficients for capital and the two types of labor in this second stage.
In order to consistently estimate these coefficients, capital and labor must be orthogonal to , which is included in . This is ensured by the different timing assumptions. Since the seminal study of OP it is assumed that the capital stock is determined by the capital stock in − 1, −1 , and the investment ( −1 ) in − 1. In other words, is determined by the information set in − 1, but not by the information available in . Because of this timing assumption, is independent from the unexpected innovation shock and the moment condition [ | ] = 0 can be used to estimate (Ackerberg, et al., 2006) .
As briefly addressed above, the timing decision for labor is different, which also requires a different moment conditions. Within the ACF framework, the decision on labor input is taken after − 1, at − (0 < < 1), but before the decision on material at . Nevertheless, , "will generally be correlated with at least parts of . On the other hand, lagged labor, � , −1 �, was chosen at time − − 1.
Hence it is in the information set −1 and will be uncorrelated with " (Ackerberg, et al., 2006, p. 19) .
It follows that lagged labor should be used in the moment condition � [ � , −1 � = 0� to identify 2 .
However, ACF also point out that , can be used instead of , −1 , when it is reasonable to assume that it is not completely variable and is rather "chosen at or prior to − 1…. This is likely to generate more efficient estimates than the moment condition using � , −1 �" (Ackerberg, et al., 2006, p. 21) .
Assuming that , is chosen at − 1 might be reasonable if adapting the core workforce needs time (Ackerberg, et al., 2006) . Given the rigid labor market conditions and the strict employment protection legislation in Germany, firms are rather reluctant to alter their core workforce on short notice. Instead, they increasingly use TAW as a tool to adjust employment to product demand fluctuations and for capacity adjustments. In fact, this was one of the exact aims of a series of German labor market reforms in 2004, the so called Hartz reforms: to ease the use of short-term employment, temporary agency work and similar forms of atypical employment, so that a portion of a firm's workforce is flexible such that labor input can easily be increased or reduced depending upon the firm's individual situation. At the same time, however, the level of protection for employees with a regular contract remained high. Therefore, we follow ACF and assume that the decision on labor input for is taken in − 1. Consequently, the appropriate moment condition is [ � , � = 0.
A third moment condition is needed to identify the coefficient for temporary agency work in the second stage of the process. , cannot be used as it is partly correlated with due to the timing assumption.
At the same time, , −1 is in the information set −1 , which makes it independent of . Therefore, once lagged temporary agency work can be used as moment condition in the second stage. Summing up, the following moment-conditions allow identifying the coefficients for capital, permanent labor and TAW:
The estimation is conducted for the German manufacturing sector as a whole and for each two-digit manufacturing industries separately. Thus we take into account: (i) that the production functions might differ between manufacturing industries, which also means that the coefficients are different; and (ii) that the intensity of TAW usage differs between sectors and consequently the potential bias will differ too. In addition, performing the analysis on two-digit sector level also serves as a robustness test.
Data and Descriptive Statistics
The firm level analysis is conducted using annual data from the German cost structure survey of manufacturing firms (CSS). The CSS is compiled by the German Federal Statistical Office and firms are legally obliged to provide the requested data. All companies with more than 500 employees are covered by the survey. In addition, smaller firms, with 20 to 500 employees, are included via random subsamples that are designed to be representative at the two-digit sector level and at state level. These subsamples remain constant for four years. 8 The data is confidential, but accredited researchers can apply for data usage. The analysis is performed through remote data processing. 9 The dataset contains, inter alia, data on gross value added (Y) that is used as output, material (M) that is used as an instrument, and the number of persons engaged (L p ) as permanent labor. The capital stock (K) is constructed using the method that Wagner (2010) proposes for this dataset. For more information about the dataset see Fritsch, et al. (2004) .
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For more information see Zühlke et al. (2004) It is often observed that TAW earn less than their colleagues with open-end contracts (Jahn, 2010; Antoni & Jahn, 2009; Houseman, et al., 2003; Jahn & Rudolph, 2002) . However, this does not necessarily mean that the costs for the customer firms are lower when they use TAW instead of permanent employees. Indeed, some studies show that companies see limited savings due to the actual fee they have to pay to the temporary work agencies (Kleinknecht, et al., 2006; Houseman, 2001; Nollen, 1996) . Such fee not only includes the gross wages of the temporary agency workers, but it also covers the costs, risks and profits of the temporary employment agencies (Kvasnicka, 2005) .
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Both sectors have very few observations (159 observations from 21 firms in ISIC 12 and 292 observations from 47 firms in ISIC 19). Once we focus on firms that use TAW, only 12 firms in sector ISIC 12 and 25 firms in sector ISIC 19 remain. This leads to conflicts with statistical office privacy policies. In addition, these two sectors are atypical for the manufacturing sector, because production mainly takes place abroad while primarily headquarter activities are located in Germany. Labor productivity of these two sectors is, consequently, on average 3 times larger than the average of all other manufacturing sectors.
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The precise term in the questionnaire is "Kosten für Leiharbeitnehmer/-innen" The original explanation in the meta data is: "Hierzu zählen nur die Aufwendungen für Arbeitskräfte, die von Arbeitsvermittlungsagenturen u. ä. Einrichtungen gegen Entgelt zur Arbeitsleistung gemäß dem Arbeitnehmerüberlassungsgesetz überlassen wurden" (Statistisches Bundesamt, 2015a, pp. 11,15) .
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In the category "labor costs" for example, it is emphasized that firms should not include any TAW expenditures: "Nicht einzubeziehen sind Beträge, die für Leiharbeitnehmer/Leiharbeitnehmerinnen gezahlt werden…" (Statistisches Bundesamt, 2015a, p. 15) .
We make use of these insights to derive an qualified estimate about the discount factor . As discussed in detail in the appendix, the "true," but unknown, discount factor is somewhere between 0.5 and 1.5. These upper and lower limits are calculated using the findings in the literature on wage gaps as well as the difference between gross wages of TAW and the fees that temporary work agency charge. As also shown in the appendix, it is reasonable to assume that the overall costs for hiring temporary workers are almost equal to the gross wage costs for permanent workers ( = 1). It should be noted that this initial assumption of equal costs is very conservative in the context of this study. If the costs for a TAW would for example only be half as much as that of a permanent employee ( = 0.5), one could actually hire two TAW for the same cost as one permanent employee. In other words, assuming lower costs per TAW increases the number of TAW, given the observed costs for TAW in the data. This would make it actually easier to find differences, at least in labor productivity. This is a marked difference in comparison to the study by Hirsch and Müller (2012) . The share of TAW user plants is only around 2.5 percent in 2008 in their dataset. There are three factors explaining this difference: First, the observation unit in the IAB survey is the plant, not the firm, and there are significantly more plants than firms. Second, the dataset analyzed in Hirsch and Müller (2012) The average ratio of TAW to regular employees ranges from 0.45 to 8.5 percent in the different industries. 16 With a range from 2.2 to 12.8 percent, the average ratios are higher when focusing only on those observations where TAW were used. The standard deviation is consistently higher than the mean. This is driven by the fact that a considerable number of firms have barely used TAW while others used them intensively. The 95 percentile ranges from 8.2 to 44.1 percent for the subset of observations that used TAW. These descriptive findings highlights once more that temporary agency work has become a non-negligible input factor. In addition, the graphic shows that the intensity of TAW usage increases with firm size. While the average ratio for firms with 20-49 employees in the entire dataset was 2.9 percent in 2011, it was 4.7 percent in the size class of 50 to 99 employees and 6.3 percent in the class of firms with 250 or more employees. Hence, larger firms use not only "more" TAW because they are bigger, they also use relatively more TAW than smaller firms. This finding is in line with the literature that points to the fact that employment protection legislation increases
In order to rule out that the high shares are biased as a result of the data cleaning process, we reproduced the descriptive analysis ( Figure 1 ) with all 143,694 observations before any data cleaning. Missing observations for cost for temporary agency worker are treated as if the company has not used TAW. As Figure 1 in the appendix shows, the frequency of use and the shares shown here are not distorted by the data cleaning process.
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See with increasing company size, which in turn makes the use of TAW more attractive (Hirsch & Müller, 2012) .
Summing up, descriptive analyses provide further evidence that temporary agency work is a nonnegligible input. As such, it supports the hypothesis that neglecting TAW might cause biased productivity estimates.
Results
The econometric analysis starts with analyzing the differences in labor productivity. We consider labor productivity separately in a first step for two reasons: First, it is a widely used measure, whether in politics, in collective bargaining, or in scientific research. 17 Incorrect estimates could, for example, lead to excessive wage demands, support the increase of regulatory burdens, or support the increase of tax burdens for other purposes (e.g. additional taxes on energy to foster green economy) because the industries are considered productive enough to bear additional burdens. Secondly, labor productivity is a measure of the intensity with which the labor input is used. If there are any distortionary effects from neglecting temporary agency work, they should become evident through this productivity measure.
The second part of the analysis tests whether TFP and the input coefficients are biased if temporary agency work is neglected. To this end, the above-described structural approach is used. The production function is estimated with and without TAW, and it is also tested whether the resulting TFPs and the input coefficients significantly differ.
Labor Productivity
Labor productivity is calculated using deflated value added. Deflation is carried out using the Producer Price Index (PPI) at the four-digit industry level. The analysis is conducted at aggregated level and at the two-digit industry level. Analyses at a lower level, e.g. the three-digit industry level, are not possible due to the privacy policies of the German statistical offices. Labor productivity is calculated with and without TAW at the firm level. The t-test for two samples with unequal variance is applied in order to test whether there is a significant difference in the productivity of the German manufacturing industry or in its subsectors. As the focus at this point is on the effect of TAW on average productivity of sectors, the full dataset is used instead of a subsample of firms that made use of TAW in the respective years.
As argued in section 4, the initial assumption is that the TAW are as costly as regular employees with equal qualification. The number of TAW per firm is then calculated as , = , , with , defined as , , ⁄
. The full labor input is the sum of permanent and temporary workers � = , + , � and is used as denominator ( ⁄ ). As also discussed in section 4, the assumption regarding the relationship between the cost of a temporary workers and the cost for a regular employee of a firm affects the number of TAW and, thus, the differences in labor productivity. To derive robust results and to test whether smaller or larger numbers of TAW would make a difference, we also use a discount 17 The EU Commission evaluates the competitiveness of each country using, inter alia, the indicators "labour productivity per hour worked," "labour productivity per person employed," and "labour productivity per person employed in manufacturing" (European Commission, Directorate-General for Enterprise and Industry, 2013).
factor , ranging from 0.5 to 1.5, and derive the number of TAW per firm by , = , , ⁄ . 18 The way we utilize this discount factor, it needs to be interpreted as an adjustment factor in the cost relationship: 19 A value of 0.5 means that a TAW is actually only half as expensive as regular employee for the renting firm. In contrast, a factor of 1.5 means that the cost for a TAW is 50 percent higher compared to that for a permanent employee. In this case, the approximated number of TAW should be 33 percent lower. Table 1 shows the average difference in labor productivity. Hence, it compares labor productivity when calculated with and without TAW, measuring the percentage deviation �( ⁄ ) � , ⁄ � − 1 ⁄ �. The negative sign shows how much smaller the average labor productivity becomes once TAW are taken into account. In other words, it shows by how much labor productivity is otherwise overestimated. The third column shows the average difference for the starting assumption of equal cost for both types of employees ( = 1). Under this assumption, the average labor productivity of the German manufacturing industry would be 3.3 percent smaller. This difference is significant at the 1 percent level. If we consider the case that the relative costs for TAW are not equal to one but that TAW are actually only half as expensive ( = 0.5), the average bias increases to -5.9 percent. Even in the case that TAW are 1.5 times more expensive than regular employees ( = 1.5), which in turn would reduce the number of TAW given the observed spending for TAW � , �, the bias would still be -2.3 percent and significant at the 1 percent level.
This results show that regardless of the "correct," but unknown, ratio between costs for TAW and the costs for permanently employed workers, actual labor productivity of the German manufacturing industry is significantly lower once TAW are accounted for. Or, conversely, the traditionally calculated labor productivity, that is without TAW because they are not in the statistics, leads to an overestimation of the labor productivity for the German manufacturing industry.
This, however, does not apply for all 2-digit sectors, as shown by further results in Table 1 . When assuming = 1, we see that labor productivity in 7 of 22 sectors does not significantly differ. This reveals that the results for the entire manufacturing industry are driven by selected 2-digit sectors. However, for one of these sectors, Manuf. of leather and related products (15), the insignificance might be caused by the small number of observations. In addition, in three of the seven sectors the picture is mixed (ISIC: 13, 17, 32) . While the differences in productivity are not significant in the case of = 1, they become significant in the case of = 0.5. 20 It likewise reveals the assumption about the cost relationship and the chosen level for influences the test results in these selected industries.
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For a detailed discussion on how to derive the number of TAW from cost data and on the discount factor d, we refer to section B of the appendix.
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Alternatively d could be interpreted as differences in productivity between the two types of workers. Let us use to distinguishing this case. When using this productivity difference approach, a 0.5 would mean that TAW are only half as productive as regular employees while 1.5 would mean that they are 50 percent more productive. However, when using this interpretation, , needs to be calculated as , . Hence, the number of "productive heads" would be lower in case of = 0.5. In essence, however, this deviating interpretation of would only change the way the results need to interpretednot the results themselves. For example, the equivalent of = 0.5 is a discount factor of = 2. In both cases the , , that is the heads or the productive heads, would be only half as high in the case of = = 1.
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Figure 2 in the appendix shows at which level of the differences in labor productivity become significant for these three industries.
However, the results of Table 1 also show that the assumption regarding affects the magnitude of the differences in labor productivity, but not, generally, the statistical significance in the remaining industries. Hence, using = 1 in the latter process will most likely deliver robust results. Source: cost structure survey; own calculations; *** p<0.01, ** p<0.05, * p<0.1.
Summing up, we can partly confirm the hypothesis that labor productivity estimates are biased when ignoring TAW as inputs. In other words, the labor productivity of the German manufacturing industry is overestimated as long as it is calculated based on official number of persons employed in the manufacturing firms. This is due to the significant number of TAW that actually work in manufacturing firms but that are not assigned to the workforce of manufacturing firms for statistical purposes. This holds for the German manufacturing industry as a whole, as well as for 15 subsectors. Among them are important sectors, including mechanical engineering, automotive, as well as manufacturing of electrical equipment, electronic, and optical products. Thus, labor productivity is particularly overestimated in industries that are export intensive and regarded as highly competitive.
Total Factor Productivity
This section tests whether TFP estimates are biased when TAW is ignored in the estimations. It is also tested whether the input coefficients are significantly different once temporary agency work is taken into account. Here the effect on the labor coefficient is interesting since TAW can be seen as additional labor input. A prediction for the direction of the bias of the labor coefficient is not straightforward, as shown in section 2. However, if the effect of TAW on output is found to be positive and significant, it is most likely that the labor coefficient captures part of this effect in all estimations without TAW. Hence, we expect the coefficients of labor in estimations without TAW to be upward biased if the coefficient of TAW is positive and vice versa.
An initial impression of whether or not TAW are a relevant input factor in the production function estimation is provided by OLS. The estimation is conducted for the entire manufacturing industry as well as for each of the 22 two-digit subsectors. The regression results provide a mixed picture. The coefficient for TAW is positive and significant for the manufacturing industry as a whole. The coefficients are positive and significant for 8 out of 22 sectors, but negative and significant for two sectors. 21 The magnitude of the significant coefficients is between -0.03 and 0.12. These first results suggest that ignoring TAW might not necessarily lead to biased labor coefficients or biased TFP estimates in all industries. Table 2 shows the estimations conducted by means of the structural approach described in section 4. Columns three to six provide the estimation results when TAW are included. Starting with the aggregated manufacturing industry, we find the coefficient for TAW is significant at the 1 percent level. However, at about 0.01, the effect of TAW on value added is small.
A look at the individual sectors shows a mixed picture: TAW are found to have a significant effect on value-added in fourteen of the twenty-two German manufacturing industries. However, with elasticities between 0.01 and 0.04 the overall effect on value added is modest in comparison to the labor coefficient. Temporary agency work has no significant effect on value-added in seven industries. Comparing the findings of Table 2 with those in Table 1 reveals that there is a strong overlap between industries that are characterized by significant differences in labor productivity and those that have significant coefficients for TAW. This suggests that the results of the production function approach are not driven by subsampling, the significantly lower number of observations, or the like. 22 Rather it seems robust to conclude that TAW significantly impact output in these fourteen sectors during the observation period.
The estimated coefficients for permanent labor and capital are reasonable and generally lower than, but in the neighborhood of, the OLS coefficients. 23 This is in line with the expectation that structural approaches reduce the magnitude of coefficients. (Doraszelski & Jaumandreu, 2013) . The Hansentests performs well in sixteen industries and, if we include those sectors in which the Hansen-test is not rejected at the 1 percent level, even in 20 of the 22 sectors. However, the null hypothesis must be rejected in the remaining two estimations.
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Thus we conclude that there is evidence that TAW provides a small but significant contribution to the production process for fourteen industries. Hence, one of the preconditions for the hypothesis is partly confirmed: temporary agency work has a significant effect on firm performance. This allows for testing 21 We refrain from presenting the regression results for space reasons. However, Table D-7 in the appendix provides detailed results for each OLS regression.
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The number of observations drops to 35,909 for two reasons: First, we use twice lagged temporary labor variables. Hence, we need a minimal number of three successive observations for a firm to be included in the estimation. Second, we can use only observation with ≠ 0 since the logarithm of zero is undefined.
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The only exception is the pharma sector (ISIC 21) with a labor coefficient larger than one und an insignificant capital coefficient. Although this is in line with the OLS estimate for this sector, we do not consider this result convincing. However, since the coefficient for TAW is insignificant in the estimations and TAW usage also has no significant effect on labor productivity (see Table 2 ), the sector is not relevant in further discussion and the insufficient estimation can be ignored.
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A large set of instruments has been used to enhance the Hansen-test statistics in these cases. . While using year dummies enhanced the coefficients for TAW in some cases, the Hansen-test statistics did not improve to a degree that the null hypothesis cannot be rejected.
the hypothesis of whether ignoring TAW significantly biases the estimated TFP as well as the coefficients within production function estimations. To this end, we first compare the coefficients of the estimations with and without TAW. 26 We expect to find significant difference between the coefficients for permanent labor for those industries in which 25 The standard errors of the coefficients and the degrees of freedom for the Hansen-test are omitted for space considerations. All details for the basic specification are provided in in TAW proved to have a significant effect. Columns seven to nine in Table 2 contain the labor and capital coefficients for the estimations without TAW. Columns ten and eleven contain the differences between the coefficients. The significance between the coefficients is tested using the Welch's t-test.
The results of the tests on differences between the labor coefficients only partly confirm the initial expectation. Column ten reveals that the sign of the differences between the coefficients mostly correspond to the sign of the TAW coefficient. In industries with significant coefficients for TAW, the magnitude of the difference between the labor coefficients is close to, or often even larger than, the corresponding coefficient for TAW. This finding indicates that the labor coefficient partially captures the effect of TAW if TAW is neglected in the estimation. That the labor coefficients are somewhat larger
indicates an overshooting and an upward bias of the labor coefficients when TAW are ignored. However, the labor coefficients are mostly not significantly different between estimations with or without TAW, except for two industries and the manufacturing industry as a whole. The labor coefficients are significantly different at the 5 percent level in these three estimations. However, because the nullhypothesis of the Hansen-test is rejected for these three estimations, the statistical significance of the differences between the labor coefficient is not certain. Finally, as expected, there is little difference between the capital coefficients. Summing up, due to the missing or only weakly statistically significance of the differences between the labor coefficients in most sectors, we cannot confirm the hypothesis of potential biases of the input coefficients. The estimations without TAW uses the same samples, applies the same control function approach, and utilizes the same instruments as the estimations with TAW.
Welch's t-test, which allows for unequal variance between two samples. Column three in Table 3 provides average TFPs based on estimations without TAW, column four contains average TFPs based on estimations including TAW, while column five and following depict the differences and whether the means are significantly different. Table 3 shows that the TFPs differ on average. These differences are all statistically significant at the one percent level. A correlation analysis and a visual comparison by means of a scatter plot also
shows that the magnitude of the differences and the magnitude of the TAW coefficient are negatively correlated: the larger the coefficient for TAW, the larger is the difference between the TFPs. 27 In other words, on average TFP is underestimated if TAW is ignored. Therefore the results confirm the initial hypothesis that productivity estimates of German manufacturing firms and industries are biased due to the underestimation of labor input. However, the direction of the bias is somewhat surprising. Given the mostly positive coefficients for TAW, one intuitively expects that TFPs are upward biased when TAW are ignored. How can this be explained, also in light of the results regarding the differences in labor productivity? The fact that the differences between the labor coefficients are generally larger than the coefficients for TAW in combination with Eq. (1) to Eq. (3) provides an indication for the answer: Mathematically, TFP serves as a residual or a multiplier that explains the difference between the product of the inputs, which are normalized by the coefficients, and the observed output. Here the differences between the labor coefficients and the magnitude of the TAW coefficients come into play. As pointed out, the magnitude of the differences between the labor coefficients is generally larger than the coefficient of TAW. This overshooting has the consequence that the multiplier, that is the TFP, becomes smaller. This overshooting is calculated as difference between the differences of labor coefficients and the coefficient of TAW. .06 overshoot -.6 -.4 -.2 0 .2 Diff. between TFPs the differences in TFP. In other words: although the differences in the labor coefficients are not large enough to be considered as significantly different in most sectors, they are large enough to lead to significantly different TFP estimates.
Robustness Checks
Performing the analysis not only for the aggregated manufacturing industry but also for all two-digit subsectors serves as a first robustness check. The results for the two-digit subsectors confirm the general finding that productivity estimates are incorrect if TAW, as part of the labor input, is ignored.
However, the results also show that not all sectors are affected to the same extent, rather that there is a subset of sectors driving the results.
We conduct further estimations in order to check whether the results are also robust for sub-periods or whether the assumed cost relationship ( ) affects TFP estimates. In a first step we test the robustness of the results for labor productivity by splitting the sample into the 2003 to 2007 period and the 2008 to 2011 period. Given that TAW usage grew from 330,000 in 2003 to 715,000 in 2007, while the number of TAW was between 760,000 and 880,000 after 2008, we expect to find relatively more sectors with significant differences in labor productivity in the second period. Moreover, since the number of TAW is growing over time, we can expect the differences in labor productivity to be larger in the second sub-period compared to the first sub-period and, consequently, also larger than for the entire period. -3.3%*** -5.9%*** -2.3%** 3,943 -3.9%*** -7.0%*** -2.7%** 3,510 28 -3.1%*** -5.6%*** -2.2%*** 10,633 -3.9%*** -6.9%*** -2.7%*** 9,068 29 -4.5%*** -8.0%*** -3.1%** 2,964 -6.1%* -10.5%*** -4.3% 2,321 30 -5.2%** -9.1%*** -3.6% 836 -7.4%** -12.6%*** -5.2%* 656 31 -2.6%* -4.7%*** -1.8% 1,666 -3.6%** -6.4%*** -2.5% 1,346 32 -1.3% -2.4% -0.9% 2,153 -2.3% -4.2%** -1.6% 2,275 33 -8.1%*** -13.6%*** -5.8%*** 1,104 -6.7%*** -11.2%*** -4.7%*** 1,874 Source: cost structure survey; own calculations; *** p<0.01, ** p<0.05, * p<0.1. Table 4 confirm these expectations. First, the differences in labor productivity are higher in the 2008 to 2011 period compared to the 2003 to 2007 period. Second, the average differences in labor productivity for the entire period (Table 1) are between the average differences in the two subperiods. Third, there are two more sectors with significant differences in the 2008-2011 period than in the earlier period. However, it is worth noting that in 13 out of 15 sectors, we find significant differ-ences in labor productivity over not just the entire time spam, but also the two sub-periods. Therefore, it can be concluded that (i) the results in Table 1 are robust; and (ii) that the differences in labor productivity are driven by the same the two-digit sectors over the entire period. In order to test whether the results of the production function estimations are driven by the assumption of equal costs for both types of workers ( = 1), the estimations are also conducted for the assumption of = 0.5 and = 1.5. The results in Table 5 show that such change in the assumption about the cost relationship only affects the magnitude of the coefficients for TAW, but not the significance. It also does not significantly change the coefficients of permanent labor or capital, nor does it change the statistical significance of these coefficients. The magnitude of the changes in the coefficients for TAW matches exactly with the value of the discount factor. This is in line with what one should expect, because just imposes a linear transformation of the number of TAW. Using a of 0.5 doubles the number of TAW. Accordingly, the coefficients for TAW in each sector are only half as high compared to the estimations under the assumption of = 1. In contrast, the coefficients for TAW are 1.5 times 29 The standard errors of the coefficients and the degrees of freedom for the Hansen-test are omitted for space considerations. All details for the basic specification are provided in Table D -9 in the appendix.
The results in
larger if = 1.5 is assumed. Given that the coefficients for permanent labor and capital do not change and that the coefficient for TAW captures the changes in , the calculated TFP also does not differ between estimations based on the assumption of = 0.5 or = 1.5 and estimations under the assumption of equal cost for both types of employees ( = 1).
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Summing up, the difference in labor productivity increases over time as a result of the growth in the number of TAW. Apart from that, the finding that labor productivity is biased in several subsectors and the manufacturing industry is robust. In addition, the assumption about the cost relationship is not crucial for the results of the production function estimation. Regardless of which is the "correct" one, TFP estimates estimates in many industries are biased due to the omission of part of the labor input, namely the omission of temporary agency work.
Conclusion
Labor input is an essential variable in the calculation of the most common productivity measures, e.g. labor productivity and total factor productivity. But the nature of labor relations has changed noticeably since the mid-1990s. Atypical forms of employment are now an important form of employment in all European nations. Temporary agency work, as a type of atypical employment, is also growing dynamically. The effect of temporary agency workers (TAW) usage on firm performance is, however, rarely studied. A second issue is becoming increasingly important as more and more companies use this type of labor: do productivity estimates appropriately account for the increasing use of TAW in firms?
The study reveals for the case of Germany that statistics about labor usage in firms do not necessarily include TAW. It shows theoretically that such misspecification of a production function can lead to biased estimates for firm productivity and might also lead to biased estimates for the elasticities of labor and capital.
At the empirical level, the study analyzes total factor productivity, estimated using a structural approach, and labor productivity, calculated as real value added over total labor input. We find that labor productivity of the German manufacturing industry is, on average, upward biased by 3.3 percent if temporary agency work is omitted. However, evidence is mixed for subsectors: while the differences are significant in 15 of the 22 subsectors, they are not significantly different in the remaining seven subsectors. For the industries with statistically significant results, labor productivity is overestimated on average by 2 to 7 percent.
The estimation of total factor productivity has three main findings. Firstly, temporary agency work is significantly positive related to firm performance for the entire manufacturing sector and 14 subsectors. Hence, the study provides evidence that the use of TAW is beneficial for firms in these sectors. Secondly, estimated total factor productivity differs significantly in all industries with significant coefficients for temporary agency work. The average difference in TFP is about 1.6 percent. Finally, although the coefficients for the regular labor variable differ in estimations with and without temporary agency work, the differences are not statistically significant in all but two sectors. This means that the estimations of production function without TAW as input can still provide unbiased elasticities for regular labor and capital even though TFP is biased.
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TFP result tables for estimations under the assumption of = 0.5 and = 1.5 are provided in Table D -10 in the appendix.
These results rely on the assumption that TAW are as costly as regular employees for the firms. When dropping that assumption and assuming lower costs for TAW, the differences in labor productivity are even more pronounced and the number of sectors with significant differences in labor productivity increases. Accordingly, the coefficients for TAW change with changing cost assumptions. However, the changing cost assumption does not affect the TFP estimates or the coefficients for permanent labor and capital. This holds true for the magnitude of the coefficients and the TFPs as well as for the statistical significance. Hence, assuming higher or lower costs for TAW in comparison to permanent labor does not affect the main results of the production function estimations. It is therefore safe to conclude that productivity figures for German manufacturing industries are inaccurate without the inclusion of temporary agency work.
The results of the study are of importance beyond the specific case of the German manufacturing Using data on 1,382 Swiss firms from all sectors over the 1998 to 2000 period, Arvanitis (2005) analyzes the effect of various forms of labor contracts on firm performance, among them temporary agency work, which is modeled using a dummy variable. Firm performance is measured by the log of sales per capita and two dummies. One captures product innovation while the other takes the value of one if the firm introduced some process innovation. The analysis of the cross section data by means of OLS indicate that temporary agency work does not significantly affect firm performance. The results of the probit regressions for innovation performance show that temporary agency work has a positive effect on product innovation but no significant effect for process innovation. A second study with a similar outcome is Kleinknecht et al. (2006) , which uses a dataset of 590 Dutch firms across several sectors over the 1992 to 1994 period. The dependent variables are sales growth and employment growth, while the percentage of hours worked by TAW on total hours worked is used as a control variable.
Using OLS, the analysis cannot confirm a significant relationship between the hours worked by TAW and sales growth or employment growth. A weakly significant, but negative, effect is found for sales growth in the subset of non-innovators. The results of Bryson (2013) tween TAW and employees with a fixed-term contract. They are jointly considered as temporary workers. Using a two-stage least square approach, the study finds a negative relationship between labor productivity growth and the share of temporary workers, but only for the manufacturing sector.
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The managers are asked to judge whether "labour productivity is a lot better than the industry average" or "financial performance is a lot better than the industry average" (Bryson, 2013, p. 135 ).
Both Beckmann and Kuhn (2009) and Hirsch and Müller (2012) Hirsch and Müller (2012) . TAW usage is operationalized firstly by a set of dummy variables for different share categories and, secondly, as a continuous share variable. The share is defined as TAW over total employment. The number of TAW is derived from a snapshot in the IAB survey on June 30 th of each year. This, however, might lead to an underestimation of TAW usage because firms might report having no agency workers on the very specific June 30 th , but they might actually have used some, many or few, before or after that day. This is very likely due to the short term nature of temporary agency work (Schmidt & Wüllerich, 2011; Antoni & Jahn, 2009) . 32 In addition, because data on sales refer to the entire year, there is the possibility that the effect of TAW is not fully captured. Nevertheless, both studies find a significant relationship with firm performance. In Beckmann and Kuhn (2009) Finally, Addessi (2014) proposes a structural approach assuming that permanent and temporary labor have different productivity, but are perfect substitutes and that joint labor input is of additive nature. The study focuses on three topics: i) whether the proposed estimation technique is able to provide consistent estimates for the coefficients; ii) whether TAW are actually characterized by a different productivity than permanent employees; and iii) whether the labor composition affect TFP dynamics.
The analysis is conducted with a balanced panel of 1,866 Italian manufacturing firms over the 2001 to 2003 period. The results show that productivity between the two types of labor is not significantly different but the use of TAW has a significantly negative effect on TFP dynamics. Also, the author considers it proven that the proposed econometric approach works. In addition, Addessi mentions that value added per worker is positively correlated with the lagged share of permanent labor but negatively correlated with the number of TAW and that ignoring one of these variables in a regression where they should be included, "may induce serious bias in the estimation of the temporary contract coefficient" (Addessi, 2014, p. 668) . It is worth adding that this conclusion applies not only to the coefficient of TAW, but also to the remaining coefficients. However, the study does not focus on this topic.
This study deviates from previous studies in four ways: Firstly, it uses a dataset with about 125,000
observations that, unlike the previous German studies, observes TAW usage over the course of the entire year and that focuses on firms instead of plants. Second, this study applies latest econometric developments, namely a structural approach along the lines of ACF, for estimating the production function. 33 Thirdly, we recognize that the production function might not only differ between manufactur-32 Employment duration for more than 50 percent of all temporary agency workers is less than 3 months (Schmidt & Wüllerich, 2011) .
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This distinction, of course, does not hold with respect to the study of Addessi (2014) , which also uses a structural approach. However, the present study assumes a multiplicative nature between the two types of labor along the lines of Haskel and Martin (1993) , as it is used, inter alia, by Ortega and Marchant (2010) , Hirsch and Müller (2012) and Doraszelski and ing and service industries, but even within the manufacturing industry. Consequently, the analysis is conducted separately for each two-digit manufacturing sector. Finally, the literature review reveals that no study examines the potential bias of productivity estimates or the potential bias of the labor and capital coefficients due to the omission of TAW. This study contributes to the literature by addressing this research gap. It focuses on the question whether TAW is a relevant input factor and whether its omission leads to bias coefficients and biased productivity estimates. Jaumandreu (2013) . This makes it necessary to develop an alternative structural approach than the one proposed by Addessi (2014) . 
B Deriving the share of TAW in workforce from cost data
As outlined in section 3, the relationship between the number of TAW ( ) and the number of employees with a permanent contract ( ) is described by = ⁄ or = with ≥ 0. The subscript highlights that the share is derived from the observed number of TAW and regular employees. It requires the assumption that there is at least one regular employee in a firm. An almost similar relationship can be derived from the costs for each type of labor:
with capturing the costs per TAW, and the costs per employees with a permanent contract.
When multiplied with the number of TAW and the number regular employees, the costs share is derived from the total costs for TAW ( ) and the total costs for employees with a permanent contract ( ). In case = , the share derived from costs is equal to the share derived from the number workers: = ; in case < , that relationship changes to > and it becomes < if > . However, the relationship between the two shares in case ≠ can generally be described by:
(12) = , with = ⁄ measuring the differences in costs for TAW compared to an employee with a permanent contract. In other words, the number of TAW can be calculated from cost shares by:
and either need to be observed or we have to make a qualified estimate about . In the latter case, we have to recognize that is mostly, but not only, the gross wage of employee with a permanent contract. Hence, it mainly cover the gross wage including the statutory social costs. However, it also has to capture all other social costs that a firm might grant. This can be allowances and subsidies in case of illness, for recreation and spa stays, expenses for the company pension scheme, etc. Such additional benefits are observed within the CSS dataset. For an exhaustive list we refer interested reader to the metadata for the CSS (Statistisches Bundesamt, 2015a).
The cost for a TAW, on the other hand, is significantly more than just the gross wage cost of the temporary agency worker. Instead, the client firm pays a fee that also covers additional risks, costs and potential profit of the temporary work agency. A classical risk for temporary work agency is, inter alia, that they have to pay TAW that have been sent back from client firms until the temporary work agency have found new client firms for these "unneeded" TAW, or, in case they do not find a new client firm in time, until they can lay them off. In addition, temporary agency firms have to pay their own staff, they have to pay for offices, and must cover other variable costs. Finally, and after all, temporary work agencies aim at making profits. Hence, in order to cover all these costs, risks and in order to make a profit, the fee client firms charge is usually considerably larger than the gross wage of TAW. Conversely, it also follows that the cost per TAW for client firms is usually much larger than the gross wage of the TAW.
In the current dataset we observe and . Hence, we have to make a qualified estimate about .
For this purpose we use the existing literature on wage gaps, thus the difference between the gross wage of the TAW and their colleagues with permanent contracts, and the differences between the fee paid by the client firm and the actual gross wage of the TAW. Table B -2 shows the wage gaps identi-fied by different studies. As can be seen, the wage gap varies over time, from country to country and across industries. For Germany we see wage gaps between 5% and 50%. Less information is available with respect to the difference between the wage of a TAW and the fee the client firm pays to the temporary work agency. Rangnitz (2008) states for Germany that 2/3 of what is paid by the client firm to the temporary agency covers the gross wages of the TAW, while 1/3 covers the agency's overhead and profit. The study by Kvasnicka (2005) finds that the fees paid by the client firms are on average 144% larger than the gross wages of the TAW, with a range of, depending on the occupation, 130% to 160%. Nollen (1996) reports evidence from case studies that total labor costs for TAW are between 0% and 14% lower than the costs for core worker.
Houseman (2001) does not report concrete differences between fees and wages for TAW or the differences between costs for TAW and costs for workers with permanent contracts. However, the study finds that hourly pay costs for TAW is higher or about the same as the hourly pay cost for regular employees in 83.9% of the establishments in the sample. Even when comparing the costs for TAW with the "hourly pay plus benefits cost of regular employees in similar positions" (Houseman, 2001, p. 159) , 57.7% of the establishments still report higher or equal costs for TAW. Kleinknecht et al. (2006) analyze, inter alia, to what degree different types of employment leads to costs savings for firms. Although the study does not provide data on difference between TAW wages and fees for TAW usage, the analysis reveals that different types of "flexible contracts lead to significant savings … [This] does not, however, hold for people hired from manpower agencies" (Kleinknecht, et al., 2006, p. 176) . Hence, the studies by Houseman (2001) and Kleinknecht et al. (2006) support the assumption the TAW are often as costly as worker with permanent contracts.
We use these findings and the findings about wage gaps to calculate the maximum and the minimum discount factor ( ). For the lower bound, which would be the maximum cost saving difference, we use the maximum wage gap from the literature. According to Jahn (2010) and Oberst et al. (2008) the maximum wage gap is roughly 50%. When we assume that TAW receive only half as much as their colleagues in the client firm and that the fee payed by the client firms is without any mark-up and just covers the gross wages of TAW, the minimum discount factor would be 0.5 ( = 0.5). In this scenario firms would generate the highest cost savings from TAW usage.
The upper bound uses the findings by Kvasnicka (2005) and Rangnitz (2008) . According to Kvasnicka (2005) , the average fee is in a range between 130% and 160%, with a mean of 144%. With these mark-ups we can calculate the potential discount factor for a given wage gap by
with as gross wage of employees with a permanent contract, as gross wage of TAW, measuring the wage gap between these two types of workers and − measuring the percentage difference between the gross wage of a TAW and the fee the temporary work agency charges.
For simplicity we assume here = . Using different assumption about the wage gap and the differences between the fee and the wage gap, we can calculate diverse discount factors. E.g., if we assume that TAW and worker with permanent contracts would receive the same gross wage, so if there were a wage gap of 0%, the maximum would be 1.6. In case there is a wage gap of 5%, 10%, 20%, 30%, 40% or 50%, and using the maximum markup of 160% on TAW wages, the discount factor would become 1.5, 1.4, 1.3, 1.1, 1 and 0.8. Additional calculations with every mark-up between 130% and 160% and every wage gap from the literature can be conducted as shown in Table B -3. From these calculations we derive the maximum discount factor of = 1.5. Hence, we assume for this scenario that there is no wage gap between TAW and employees with a permanent contract but that temporary work agencies charge a fee that is between 130% and 160% above the gross wage of TAW. In other words: in this scenario firms would have 50% higher costs when using a TAW compared to an employee with a permanent contract.
Slightly lower values for the upper bound of are derived when using the finding of Rangnitz (2008) , who stated that in Germany, on average, 2/3 of what is paid by the client firm to the temporary work agency covers gross wages of the TAW, while 1/3 covers the agency's overhead and profit.
Summing up, the two extremes are = 0.5 and = 1.5. The "true" but unknown cost difference ( ) will be somewhere in between with near certainty. Consequently, if we use these extreme values for calculating the number of TAW in the firms and still find significant results, it is almost certain that the effect will also be found with the "true" but unknown cost difference. Moreover, the reader should also take note of the fact that the discount factor is close to 1 one average in many scenarios in Table B -3. In fact, the lower the actual mark up, the more the average tends towards 1. This is in line with the findings of Kleinknecht et al. (2006) and partly also with Houseman (2001 The original German terms for the different occupations that TAW are assigned to until 2010 are: Chemiearbeiter & Kunststoffverarbeiter; Metallerzeuger & -bearbeiter; Schlosser, Mechaniker u. zugeordnete Berufe; Elektriker; Montierer & Metallberufe, a.n.g.; Bauberufe; Bau-, Raumausstatter, Polsterer; Hilfsarbeiter ohne nähere Tätigkeitsan-gabe; Übrige Fertigungsberufe; Technische Berufe; Warenkaufleute; Organisations-,Verwaltungs-,Büroberufe; Gesundheitsdienste &-berufe; Allgemeine Dienstleistungsberufe; Übrige Dienstleistungsberufe; Sonstige Berufe. architecture, surveying, building services occupations; Natural science, geography, computer science professions; Transport and logistic (excluding vehicle drivers) occupations; vehicle drivers; Protection, security, monitoring professions; Cleaning occupations; Commercial services, trade, distribution, tourism; Business organization, accounting, legal, administrative professions; Health, social It is well known that many of the TAW that are hired as unskilled workers actually work in the manufacturing industries. For a rough estimate we add this TAW to the number of TAW with manufacturing professions The same applies to electrical occupations, which are used by machinery firms, automotive firms etc., but also by construction firms. However, given that precise information is missing in the statistic on temporary employment, we assume that at least half of these TAW are working in the manufacturing industries. Adding these two professions increases the number of TAW considerably as shown in row four of Table B -4.
We compare these numbers of TAW in the manufacturing related professions, derived from an external source, with the number of TAW derived from the cost structure census. This allows us to determine whether our approach leads to reasonable estimates for the number of TAW. As Table B-4 shows, the estimated number of TAW using costs and a = 1 is relatively close to the number of TAW hired by temporary employment agencies to work in manufacturing-related professions. When enlarging the set of occupations to those we consider as mainly used in manufacturing, as described above, we have roughly the same number of TAW when we use a between 0.65 and 0.60.
These figures and the previously illustrated wage gaps and mark-ups reveal three things. First, using the cost shares derived from the cost structure census and applying the above outlined approach lead to estimated numbers of TAW which are, regardless of the "true" but unknown cost differences, close to the observed number of TAW with manufacturing related professions from an external source. Second, the assumption of = 1 is quite conservative but finds support from the literature (Kleinknecht, et al., 2006; Houseman, 2001 ) and the calculated number of TAW with = 1 is in line with the number of TAW that work in purely manufacturing related professions; professions that are almost certainly only used in manufacturing firms. Third, even if we are more generous and consider TAW with less specific professions as being worker in the manufacturing sector, the resulting number of TAW is still within the range of the number of TAW calculated when using discount factors in the range of = 0.5 and = 1.5. In fact, the calculations show that the "true" but unknown value for is most likely smaller than one.
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The original German term for the different occupations that TAW are assigned to since 2011, are: Land-, Forst-, Tierwirtsch, Gartenbau; Metallerzeugung, -bearbeitung, Metallbau; Maschinen-und Fahrzeugtechnikberufe; Mechatronik-, Energie-u. Elektroberufe; Lebensmittelherstellung u. -verarbeitung; Übr. Berufe (Rohstoffgewinnung, Produktion, Fertigung); Bau, Architektur, Vermessung, Gebäudetechnik; Naturwissenschaft, Geografie, Informatik; Verkehr, Logistik (außer Fahrzeugführer); Führer von Fahrzeug-u. Transportgeräten; Schutz-, Sicherheits-, Überwachungsberufe; Reinigungsberufe; Kaufmännische Dienstleistungen, Handel, Vertrieb, Tourismus; Unternehmensorganisation, Buchhaltung, Recht, Verwaltung; Gesundheit, Soziales, Lehre u. Erziehung; Geisteswissenschaften, Kultur, Gestaltung. In summary, the estimated number of temporary workers with method employed in this study is supported by external data and the previous literature. 
